INTRODUCTION
Primary Sjögren's syndrome (SjS) is a systemic autoimmune disease that mainly targets the exocrine glands, leading to dryness of the main mucosal surfaces. 1 The histological hallmark is focal lymphocytic infiltration of the targeted organs and the key immunological markers include antinuclear antibodies (ANAs) (the most frequently detected), anti-Ro/SS-A (the most specific) and cryoglobulins and hypocomplementaemia (the main prognostic markers).
1 SjS overwhelmingly affects middle-aged women and its frequency varies widely according to study designs and the classification criteria used. More recent studies using the 2002 American-European classification criteria 2 have reported an incidence of 3-11 cases per 100 000 persons and a prevalence of between 0.01% and 0.72%. 3 4 The influence of ethnicity on the phenotypic expression of systemic autoimmune diseases has been suggested by various studies, especially in systemic lupus erythematosus (SLE), which has been reported as being more frequent and having less favourable outcomes in non-white populations. 5 6 1042
Brito With respect to the influence of geographical factors, a potential north-south gradient in the frequency of autoimmune diseases has been suggested. 7 8 In primary SjS, there is no information on the influence of ethnicity or geolocation on the phenotypic expression of the disease. Only one recent study, in the general population of Greater Paris, 4 has evaluated the influence of ethnicity on the frequency of primary SjS and this found a twofold higher prevalence in patients with non-European backgrounds compared with those with a European background.
The objective of this study was to determine the influence of geolocation and ethnicity on the clinical presentation of primary SjS at diagnosis in a large international cohort of patients.
METHODS Patients
The Big Data Sjögren Project Consortium is an international, multicentre registry designed in 2014 to take a 'high-definition' picture of the main features of primary SjS at diagnosis by merging international SjS databases. International experts from the European League Against Rheumatism (EULAR)-SjS Task Force were invited to participate. Inclusion criteria were the fulfilment of the 2002 classification criteria; 2 in addition, a letter was sent to the corresponding authors of manuscripts published in the past 2 years in PubMed that included clinical data on at least 50 patients with primary SjS, inviting them to join the study. Exclusion criteria for considering SjS as a primary disease were chronic hepatitis C virus/HIV infections, previous lymphoproliferative processes and associated systemic autoimmune diseases. Diagnostic tests for SjS (ocular tests, oral tests and salivary gland biopsy) were carried out according to the recommendations of the European Community Study Group. 9 The study was approved by the Ethics Committee of the Coordinating Centre (Hospital Clinic, Barcelona, Spain, registry HCB/2015/0869).
Disease diagnosis was defined as the time when the attending physician confirmed fulfilment of the 2002 criteria. At this time, the main features of the disease were retrospectively collected and analysed (age, gender, ethnicity, country of residence, fulfilment of the 2002 criteria items, ANAs, rheumatoid factor (RF), C3 and C4 levels and cryoglobulins). By January 2016, the participant centres had included 8417 patients from 20 countries in five continents. Further confirmation was made by excluding cases in which fulfilment of the 2002 criteria could not be directly ensured according to the data provided (lack of information about items IV and VI-salivary biopsy and Ro/La autoantibodies).
Patients were classified according to the geolocation of the country of the diagnosing hospital. Patients were first classified by continent, with an additional north-south subclassification according to latitude in continents including patients from more than one country; the subclassification of the latitudes is not standard and was adapted to the geolocation of the countries included in the registry: latitude > or <50 
Statistical analysis
Descriptive data are presented as mean and SD for continuous variables and numbers and percentages for categorical variables. The prevalence of a specific feature is stated as the number of cases with that feature/number of cases in which the feature was detailed. The χ 2 test was used to study categorical features at diagnosis according to geolocation (continent) and ethnic groups. One-way analysis of variance tests were used to compare the mean age at diagnosis. The following sub-analyses were made: (1) 11 Multivariable logistic regression analyses adjusted for ethnicity, age at diagnosis and gender were performed to study the association between geolocation with diagnostic tests for SjS and immunological markers at diagnosis. To handle missing data due to non-evaluated diagnostic tests for SjS or non-performed immunological markers, 'available case analysis' was assumed for the comparisons according to geolocation and ethnic groups. The missing data pattern shows that most variables had low percentages of missing data (see online supplementary figure S1). All significance tests were two-tailed and values of p<0.05 were considered significant. p Values were adjusted for multiple comparisons using the false discovery rate correction. 12 All analyses were conducted using the R (V.3.2.3) for Windows statistical software package (http://www.R-project.org/).
RESULTS

Baseline characterisation
Of the 8417 patients originally included in the database, 107 were excluded in the refinement process (lack of information about items IV and/or VI). The baseline characteristics of the final cohort (8310 patients) are summarised in table 1. The cohort included 7748 women (93%) and 562 men (7%) (female-to-male ratio, 14:1), with a mean age at diagnosis of primary SjS of 53.2 years (SD 14.2). The frequencies of fulfilment of the 2002 classification criteria items were 92% for dry eye (item I), 93% for dry mouth (item II), 86% for abnormal ocular tests (item III), 89% for positive minor salivary gland biopsy (item IV), 80% for abnormal oral diagnostic tests (item V) and 75% for positive anti-Ro/La antibodies (item VI). The frequency of immunological markers at diagnosis was as follows: positive ANA in 81% of patients, positive RF in 49%, low C3 levels in 14%, low C4 levels in 13% and positive serum cryoglobulins in 7.5% of patients.
Geolocation
The main results on geolocation (continent and subareas classified by latitude) are summarised in table 1. Patients came mainly from Europe (n=6045), America (n=1134) and Asia (n=940) (see online supplementary table S1). Table 2 compares the main geolocational features classified according to latitude in these three continents. Logistic regression analysis adjusted by ethnicity, age at diagnosis and gender showed that northern European patients (latitude > 50 0 N) had a lower frequency of ocular dryness (OR 0.46, 95% CI 0.37 to 0.57), abnormal ocular tests (OR 0.44, 95% CI 0.37 to 0.53), ANA (OR 0.67, 95% CI 0.58 to 0.78), low C3 levels (OR 0.76, 95% CI 0.62 to 0.93) Table 3 shows the main features at presentation according to ethnicity: the highest percentage of men was in black/ African-American patients and the lowest in Asian patients; the youngest age at diagnosis was in black/African-American patients and the oldest in white patients; the lowest frequency of sicca symptoms was in Asian patients and the highest in other ethnicities; the lowest frequency of abnormal diagnostic tests was in patients of other ethnicities and the highest in Hispanic patients and the highest frequency of Ro/La autoantibodies was in Asian patients and the lowest in patients of other ethnicities. The potential effect of geolocation in patients classified in the same ethnic group was analysed in two sub-studies. Asian patients diagnosed in non-Asian countries had a higher frequency of dry mouth ( p=0.007) and dry eye (p=0.003) compared with native patients (see online supplementary table S3). Hispanic patients living outside Latin American countries had a lower frequency of abnormal salivary biopsy ( p=0.001) and positive RF ( p=0.008) and a higher frequency of low C3 levels (p<0.001) compared with native patients (see online supplementary table S4).
DISCUSSION
The etiopathogenesis of primary SjS is unknown. The most frequently proposed hypothesis is based on the effect of multiple, mainly unknown, environmental factors affecting an individual with a specific genetic susceptibility. Geoepidemiological and ethnic studies may help elucidate the complex combination of genes and environment in systemic autoimmune diseases. 7 The most relevant studies have been carried out in SLE: US studies have reported a twofold to threefold higher incidence and Adjusted p values for 60 comparisons with false discovery rate correction corresponding to the comparison of European ( †), American ( ‡) and Asian ( §) countries.
In bold: statistically significant (p<0.05) variables associated with geolocation in the multivariable logistic regression analysis adjusted for ethnicity, age at diagnosis and gender. ANA, antinuclear antibodies; NA, not available; NP, not performed; RF, rheumatoid factor.
prevalence of disease rates in African-American patients, UK studies have reported up to eightfold higher rates in Afro-Caribbean and Asian patients and other studies have found higher prevalence in Native American Indians, Pacific People and Aborigines compared with European populations. 13 In systemic sclerosis, geoepidemiological studies have revealed a higher frequency in the USA and Australia than in Europe and Asia, 7 while in primary SjS, a twofold higher prevalence in patients with non-European backgrounds has recently been reported. 4 Ethnicity also influences the phenotypic expression of autoimmune diseases, including the clinical course and outcomes. In SLE, the Lupus in Minorities: Nature versus Nurture (LUMINA) project found that African-American and Hispanic-American patients with SLE tend to develop the disease earlier and present with more severe disease.
14 In systemic sclerosis, a higher mortality rate has been reported in African-American populations compared with white populations, 7 while in systemic vasculitis, non-European patients with anti-neutrophil cytoplasmic antibodies vasculitis also showed more severe disease and higher damage scores. 15 Until now, no studies have focused on the influence of geoepidemiology and ethnicity on the phenotypic expression of primary SjS. We evaluated these factors in the largest reported series of patients with primary SjS fulfilling the 2002 criteria from 20 countries across five continents. We found significant variations between ethnic groups. The disease was diagnosed a mean of 7 years earlier in black/African-American patients compared with white patients, a trend also reported by Maldini et al 4 in the Parisian multi-ethnic cohort. The female-to-male ratio also varied significantly, with the highest ratio (27:1) in Asian patients and the lowest (7:1) in black/African-American patients. The prevalence of sicca symptoms at diagnosis also varied significantly: the lowest frequencies were in Asian patients, a finding that has been related to cultural differences in previous studies. 16 This is the first study to analyse the influence of ethnicity on the results of SjS diagnostic tests included in the current classification criteria. Hispanic patients had the highest rates of abnormal results and higher frequencies of subjective dryness symptoms. In contrast, patients of other ethnicities had the lowest rates of abnormal results but higher frequencies of sicca symptoms. This might suggest that ethnicity may influence the results of the objective diagnostic tests for dry eyes and mouth in patients with primary SjS, with Hispanic and white patients being more likely to have abnormal results compared with other ethnicities. With respect to the frequency of fulfilment of the histopathological criteria (salivary biopsy showing Chisholm-Mason grade 3 or grade 4), we found a pattern of ethnic association similar to that observed for objective tests for dryness, with a higher frequency of positive salivary biopsy in Hispanic and white patients compared with the other ethnicities; Maldini et al 4 reported a similar, although not significant, trend in the multi-ethnic Paris cohort.
The influence of ethnicity on the phenotypic expression of primary SjS at diagnosis could be driven by immunogenetic differences. Maldini et al 4 found a younger age at diagnosis and an increased frequency of polyclonal hypergammaglobulinemia and positive Ro/La antibodies in non-European patients, a reasonable association since patients with immunopositive SjS are often diagnosed earlier. 17 We have confirmed this association: patients from ethnic groups with the highest frequencies of positive anti-Ro antibodies (Asian, Hispanic and black/ African-American) also had the youngest ages at diagnosis; a similar trend was observed for anti-La antibodies, except for black/African-American patients, who had the second-lowest frequency of all ethnic groups. Ro/La immunogenicity has traditionally been linked with genetic factors, mainly with specific human leucocyte antigen (HLA) class II alleles 18 and a joint contribution of HLA-DR and DQ alleles has been suggested as relevant for the development of antibodies against Ro/La autoantigens. 19 Most patients with SjS share a common allele (DQA1*0501) across racial and ethnic boundaries. 20 However, Kang et al 21 found significant differences in the frequency of some HLA-DR haplotypes (a higher frequency of DRB3 in Caucasians and DRB4 in Japanese and a lower frequency of DPB1 in Chinese patients). Future immunogenetic studies in primary SjS should evaluate the influence of ethnicity on the results, searching for possible immunogenetic differences.
A potential north-south autoimmune gradient, with rates seeming to increase according to distance from the Equator, has been suggested in the prevalence and incidence of several autoimmune diseases including type 1 diabetes mellitus, multiple sclerosis and inflammatory bowel disease. 7 22-25 Little geoepidemiological data were available for systemic autoimmune diseases and there are no data on primary SjS. The present study found some interesting results after comparing northern versus southern countries in the three continents for which data from more than one country are available (Europe, America and Asia). A north-south gradient was confirmed with respect to a lower frequency of ocular involvement and a higher frequency of cryoglobulinemic-related tests (cryoglobulins and hypocomplementemia) in northern compared with southern countries. The gradient was different in Europe with respect to the other components of primary SjS. For salivary gland involvement, the highest rates of abnormal results (including biopsy) in Europe were found in patients from northern countries, while in America and Asia the highest rates were reported in patients from southern countries. A similar gradient was observed with respect to autoantibodies (ANA, Ro, La): the highest frequencies in America and Asia were reported in northern countries, while in Europe, the highest frequencies were reported in southern countries. These results suggest, for the first time, that geolocation may influence the phenotypic expression of primary SjS at diagnosis, including significant geoepidemiological variations in the prevalence of dryness, the frequency of abnormal diagnostic tests and the positivity of the main immunological markers.
We also analysed the influence of geoepidemiological migration on the phenotypic expression of primary SjS at diagnosis by comparing ethnic migrant with native populations. Interestingly, Asian patients diagnosed with primary SjS in non-Asian countries (overwhelmingly in Europe and the USA) had a higher frequency of sicca symptoms than Asian patients diagnosed in Asian countries. With respect to Hispanic patients diagnosed outside Latin America, differences were found in diagnostic tests, with a lower frequency of positive salivary biopsy, a lower frequency of positive RF and a higher frequency of low C3 values. No other studies have analysed this, although the study by Maldini et al 4 reported a differing clinical and immunological pattern of SjS expression in French patients with a non-European background.
The results, however, should be interpreted with caution and some limitations should be pointed out. Large studies may detect some differences which, although statistically significant, may not be relevant clinically, with further studies being necessary to confirm their clinical relevance. In addition, the predominant presence of European patients (due to the origin of the project in the EULAR-SjS Task Force Group) could limit the generalisation of the results, due to the small size of some ethnic subpopulations, such as black African-American patients. With respect to the study design, although studies comparing relative frequencies of clinical features should, ideally, be population-based, our study was designed according to a 'Data Sharing' approach, which is currently considered an alternative way of international scientific collaboration, especially in diseases with a low prevalence. 26 Since the participant centres are mainly tertiary university centres that are considered the referral centre in their corresponding cities (and in most cases, in their countries), the magnitude of the selection bias may vary between the 20 countries involved in the study and this could have an impact on the results (online supplementary figure S2 summarises the size of each cohort classified per city), as may differing medical practices across regions (availability of diagnostic tests included in the 2002 criteria); in fact, we found a negative correlation between the percentage of biopsied patients and the percentage of Ro/La-positive patients in each centre (R=−0.55) (see online supplementary figure S3 ). Other sources of heterogeneity may include the assays used by the different centres, although all are commercial tests and more than 80% used the same technique (ELISA) to test for Ro/La autoantibodies and ANA were overwhelmingly (>95%) tested for by indirect immunofluorescence and the missing data for some variables (see online supplementary figure S1).
In summary, this study provides the first evidence for a strong influence of geolocation and ethnicity on the phenotype of primary SjS at diagnosis. Genetic and environmental factors probably contribute to phenotypic variance in SjS and a recent study has attributed 54% of the predisposition to developing the disease to familial transmission (heritability plus shared environmental factors) and 46% to non-shared environmental factors. 27 Geoepidemiology and ethnicity should be considered as key variables that should be analysed in multi-ethnic studies of patients with primary SjS.
